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Cet article présente les premiers résultats d’une recherche sur le comportement des 
précipitations en Italie et se concentre sur les conséquences possibles du 
changement des précipitations par rapport à la gestion des eaux de pluie. 
Des analyses de tendances des précipitations au cours des siècles derniers ont été 
effectuées sur une base annuelle, saisonnière et quotidienne dans différentes 
stations de l’Italie (Domodossola, Turin, Milan, Pavia, Genova, Mantoue, Bologne, 
Florence et Palerme). 
L’étude inclut l’analyse des précipitations maximum annuelles de différentes durées 
(1, 3, 6, 12 et 24 heures) pendant environ cinquante ans dans neuf stations 
(Domodossola, Turin, Voghera, Mantoue, Bologne, Florence, Livourne, Naples et 
Palerme). 
ABSTRACT 
This paper presents the first results of a broad-based study of precipitation behaviour 
in Italy and focuses on the possible consequences of precipitation changes on urban 
stormwater management. 
Analyses of the yearly, seasonal and daily precipitation over the last few centuries 
has been carried out at various stations throughout Italy (Domodossola, Turin, Milan, 
Pavia, Genoa, Mantua, Bologna, Florence and Palermo). 
The study includes the analysis of annual maximum rainfall of different durations (1, 
3, 6, 12 and 24 hours) over a period of about fifty years for nine stations 
(Domodossola, Turin, Voghera, Mantua, Bologna, Florence, Livorno, Naples and 
Palermo). 
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1 INTRODUCTION 
Analyses of yearly and seasonal precipitation trends over the last few centuries have 
been carried out on global hemispheric and regional scales. They indicate a small 
positive global trend in precipitation over land during the 20th century, but also show 
that this pattern is not homogenous, as large areas are characterized by negative 
trends (IPCC, 1996 and 2001). As far as Europe is concerned, the data seems to 
suggest an increase in precipitation in the northern areas and a decrease in southern 
areas (Schonwiese and Rapp, 1997). Studies based on Italian station databases, 
confirm the negative trend over Italy, also giving evidence that it is present both over 
the last decades (Piervitali, 1998) and the last 100-150 years (Palmieri et al., 1991; 
Siani and Palmieri, 1993; Buffoni et al., 1999; Brunetti et al., 2004). 
The understanding of total precipitation changes over long periods of time (annual or 
seasonal) is useful for many applications, but does not reveal important information 
such as potential changes in daily precipitation distribution, in the number of wet days 
or in the dry periods over a year or a season. However, the lack of detailed 
information regarding the behaviour of daily precipitation greatly limits the design and 
management of adequate and properly functioning stormwater drainage systems, 
flow control systems (detention basins, flood control reservoirs, etc.) and of 
stormwater quality control measures (sewer overflows, stormwater storage tanks, 
etc.). 
In Italy long and homogeneous daily precipitation series are available for some areas 
but there are only a few studies (Brunetti et al., 2000 and 2004) on these series. 
Within this context, the first purpose of this study is to investigate potential tendencies 
in the available daily precipitation series. 
A more detailed analysis regarding potential tendencies is obtained using the non-
parametric Mann-Kendal test (Sneyers, 1990). 
The study includes the analysis of series of the annual maximum rainfall of different 
durations (1, 3, 6, 12 and 24 hours) over a period of about fifty years at various 
stations. This study is of particular value because understanding extreme rainfall 
properties is important for the designing of efficient urban drainage and flow control 
structures. The uncertainty associated with the evaluation of such properties is 
relevant and has a direct effect on the choice of the extent of urban stormwater 
control measures required. In the majority of cases, the uncertainty regarding extreme 
rainfall properties is due to the small number of observations and to the non-uniform 
spatial distribution of extreme rainfall events (Schilling, 1991; Desbordes et al. 1997; 
Berne et al., 2004; Mikkelsen et al., 2005; De Toffol et al., 2005). 
Non-stationarity of extreme rainfall properties can also increase the uncertainty 
(Bonaccorso et al., 2005; Rauch and De Toffol, 2005). A further purpose of this study, 
therefore, is to inquire into the existence of possible trends in these properties over 
the last decades in Italy. 
2 RESULTS 
Figure 1 shows the geographical location of the twelve stations where the 
precipitation series of this database were collected. 
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Figure 1 Geographical location of the twelve stations 
2.1 Yearly and seasonal precipitation trends 
Analyses of yearly and seasonal precipitation have been carried out for various 
ultrasecular series throughout Italy ([1] Domodossola 1872-1996, [2] Turin 1787-
1994, [3] Milan 1858-2005, [4] Pavia 1812-2002, [5] Genoa 1833-1996, [6] Mantua 
1868-1997, [7] Bologna 1813-20031, and [8] Palermo 1866-1999). 
Table 1 shows the arithmetic mean (m), the standard deviation (s), the percentage 
variation (v)2 and the probability of trend (P) obtained using the Mann-Kendall test for 
the precipitation height h [mm] and the number of wet days n [d]. 
On a yearly basis, a negative trend in precipitation is evident both for the North and 
the South (very high probability for Milan, Turin and Palermo). A strongly decreasing 
trend is clear in the annual (and above all autumnal) number of wet days (very high 
probability for Milan, Turin and Domodossola). The negative trend in the number of 
wet days is greater and more significant than that of total precipitation, both on a 
yearly basis and in all seasons. As a consequence, precipitation intensity has a 
positive trend. 
2.2 Daily precipitation trends 
Analyses of daily precipitation are carried out for five series ([3] Milan 1858-2005, [5] 
Genoa 1833-1996, [6] Mantua 1868-1997, [7] Bologna 1813-2003 and [8] Palermo 
1866-1999). 
Table 2 shows the arithmetic mean (m), the percentage variation (v) and the 
probability of trend (P) obtained using the Mann-Kendall test for the yearly and 
seasonal mean precipitation per day [mm]. 
Yearly mean precipitation per day presents a strongly increasing tendency (very high 
probability for Milan, Genoa and Mantua). In particular, mean precipitation per day 
has a clear positive trend in summer and in autumn. 
Statistical evaluation of trends in precipitation per rain day has also been carried out 
dividing the precipitation into classes: C1 daily precipitation (DP) between 0 and 5 
mm, C2 DP between 5 and 10 mm, C3 DP between 10 and 20 mm, C4 DP between 
20 and 50 mm. Table 3 shows the percentage variation (v) and the probability of trend 
(P) obtained using the Mann-Kendall test for the annual number of wet days in every 
class. 
                                                               
1 series not homogenous (Buffoni et al. 1999). 
2 v =(FV-IV)/IVx100; FV and IV respectively final and initial values of the tendency line. 
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Table 1 Main characteristics of yearly and seasonal precipitation and their trends 
 
 Year Spring Summer Autumn Winter 
 m v P m v P m v P m v P m v P 
[3] 11 +8 86 10 -4 55 12 +15 90 13 +21 94 9 +2 12 
[5] 15 +19 100 12 +21 99 13 +20 93 19 +30 89 15 +13 87 
[6] 8 +10 99 7 -1 38 9 +18 94 9 +16 89 7 -1 53 
[8] 8 -1 24 6 +4 28 7 +17 82 9 +5 46 7 -10 83 
Table 2 Yearly and seasonal mean precipitation per day and their trends 
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 C1 C2 C3 C4 
 v P v P v P v P 
[3] -16 100 -25 100 -30 100 -5 87 
[5] -24 100 -18 100 -7 97 -9 98 
[6] -22 100 -9 96 +0.4 65 -5 93 
[8] -9 93 -25 100 -25 100 -22 100 
Table 3 Trends in annual number of wet days in every precipitation class 
 
There is a strongly decreasing trend in annual number of wet days of every 
precipitation class, especially for classes C1 and C2 (very high probability for Milan, 
Genoa and Palermo). 
2.3 Trends in annual maximum rainfall of different durations 
Analyses of annual maximum rainfall series of different durations (1, 3, 6, 12 and 24 
hours) have been carried out for nine stations ([A] Domodossola 1930-1998, [B] Turin 
1928-1994, [C] Mantua 1933-1993, [D] Voghera 1935-2002, [E] Bologna 1935-1989, 
[F] Florence 1950-1996, [G] Livorno 1933-1997, [H] Naples 1950-1996, [I] Palermo 
1953-2000). 
Table 4 presents the percentage variation (v) and the probability of trend (P) obtained 
using the Mann-Kendall test in annual maximum rainfall [mm] of different durations. 
An increasing trend is present in annual maximum rainfall of different durations (1, 3, 
6, 12 and 24 hours) for almost all the stations. In particular, the positive tendency is 
greater for the durations of 6, 12 and 24 hours. 
Figure 2 shows the relationships between Depth and Duration (with a 10 year Return 
Period, T) obtained by dividing the available data for each series into two sets. 
Depth and duration points with a 10 year return period are greater in the last period 
than in the first in northern areas whilst a trend is not evident in the centre and in the 
south of Italy where moreover the analysed stations are scarce. 
The study also considers depth duration points with return periods of 2, 5 and 20 
years. These points (omitted for reasons of space) confirm the same behaviour. 
 
 1 hour 3 hours 6 hours 12 hours 24 hours 
 v P v P v P v P v P 
[A] +6 91 -5 91 +8 92 +10 98 +15 99 
[B] +3 42 +17 27 +27 39 +32 41 +35 44 
[C] +8 73 +12 67 +0.6 40 +2 66 +13 76 
[D] -7 26 +11 18 +14 32 +19 21 +18 5 
[E] -8 5 +42 91 +37 92 +39 94 +25 84 
[F] +26 33 +25 70 +19 86 +19 80 +10 76 
[G] -3 92 -6 90 -6 90 -18 97 -18 98 
[H] +28 71 +16 33 +26 63 +41 76 +48 85 
[I] -16 37 -24 28 -21 13 -6 47 +14 84 
Table 4 Trends in the annual maximum rainfall of different durations 
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Figure 2 Depth-Duration points for different sets of data (T = 10 years) 
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3 DISCUSSION 
3.1 Effects on flow control systems 
Up until today stormwater drainage system design guidelines are frequently based on 
extreme rainfall properties. The non-stationarity of these properties can have a direct 
effect on the suitable dimension of sewer pipes. This analysis only considers the 
annual maximum rainfall series of the minimum duration of 1 hour. However, seeing 
that critical durations for sewers are often shorter than 1 hour, possible trends in 
annual maximum rainfall series of durations shorter than 1 hour must be investigated 
in order to design adequate and properly functioning stormwater drainage systems. 
The tendency for the annual maximum rainfall values of short durations to increase 
causes higher peak flows, so the existing detention facilities (i.e. detention basins and 
flood control reservoirs) could result insufficient for smoothing out peak discharges in 
the receiving water bodies and preventing floods. 
3.2 Effects on stormwater quality control measures 
The highly significant negative trend of the annual number of wet days together with 
the small negative trend in annual precipitation indicates more intense rainfall events. 
This is a critical factor to be taken into account when planning stormwater quality 
control measures. In fact, as the rainfall events are weaker, control sewer overflows 
(CSOs) are better at reducing number of discharges, volume and pollutant mass to 
the receiving water bodies. 
Moreover, the ability of stormwater storage tanks with fixed capacity to capture rainfall 
volume and pollutant mass decreases if the precipitation height of events increases. 
A negative tendency in the number of wet days also implies a longer time between 
two events and so more deposits are formed in combined sewers. The presence of 
sediment deposits in combined sewer pipes causes both hydraulic and environmental 
problems, such as the reduction of flow capacity and stronger first flush pollution 
discharges through CSOs into water bodies. 
4 CONCLUSION 
This paper reports the main characteristics and the time tendencies of different 
(yearly, seasonal, daily and annual maximum of 1, 3, 6, 12 and 24 hours) precipitation 
series for various stations throughout Italy. 
The observed precipitation series exhibit trends over time and these detected 
tendencies directly affect the design and management of properly functioning 
stormwater drainage systems, flow control systems (detention basins, flood control 
reservoirs, etc.) and of stormwater quality control measures (sewer overflows, 
stormwater storage tanks, etc.). 
These results show that the consolidated engineering practice that assumes the 
stationarity for hydrological processes should be revised. 
Traditional design concepts, such as return period, should be adapted to non-
stationary data and it is also necessary to gauge the extent to which a trend that has 
been observed in the past can be assumed to continue into the future. For this reason 
it is also necessary to improve statistical methods to identify the main characteristics 
and the nature of detected trends more clearly. 
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